For more than 30 years theorists [l] have predicted that the magnetic coupling and exchange splitting of elemental local moment magnetic systems is wave vector dependent and strongly affected by the band structure. We have now the fmt direct experimental evidence of wave vector dependent exchange splitting in an elemental local moment system. The spin-polarized band structure of strained thin films of gadolinium is found to exhibit a compelling wave vector and thickness dependence of the magnetic exchange splitting [2] .
Repeatedly there has been a tendency to assume that both, magnetic coupling and the correlation energy U, are wave vector independent. The possibility that the magnetic coupling or the correlation energy is anything other than a scalar is often ignored. Some recent studies [3] even suggest a wave vector independent exchange splitting of gadolinium. There is no a priori reason for this [l] . Magnetic anisotropy along distinct crystallographic directions is a consequence of spin-spin interactions (or so called dipole-dipole interactions) and spin-orbit interactions. The spin-orbit interactions make the spin sensitive to the crystal lattice and are generally the dominant effect [4, 5] . Gadolinium is a ferromagnet where coupling to the crystal lattice is traditionally expected through spin-spin coupling (crystal field effects dominate) while spin-orbit coupling is expected to be weak because of the half filled 4f shell. The strong dipole coupling will also manifest in an anisotropy relative to specific crystal directions (magneto-crystalline anisotropy), and in conjunction with some spin-orbit contributions can result in a wave vector dependence of the magnetic coupling. This also implies that the magnetic coupling of an elemental local moment system is expected to not only depend upon lattice spacing and bond angles but, as we will discuss in this paper, may also be strongly affected by the valence electron localization and the spin-polarized band structure. It is important to understand the significance of wave vector dependent magnetic behavior.
EXPERIMENT
Key to our understanding of the relationship between electronic structure and rare earth magnetism may be in the investigation of surfaces other than the basal plane (0001) [6] and in strained lattices. Since the electronic structure is expected to be different for different surfaces, so should be the magnetic behavior. Strained thin films of gadolinium with an increased lattice constant of approximately 4% as compared to Gd(0001) have been obtained by growing Gd on the corrugated surface of Mo(112) [2] . Ultra-thin (3 ML < d < 10 ML) and thin (d > 10 ML) films of Gd order in well defined rectangular and hexagonal surface unit cells, that resemble strained Gd(lOb2) and strained Gd(0001), respectively. Spin-polarized photoemission experiments were canied out at the new USUA undulator beamline of the National Synchrotron Light Source (NSLS) at the Brookhaven National Laboratory in Upton, NY. The details of the experimental setups are described elsewhere [7, 8] . The surface and bulk character of the bands has been determined from chemisorption studies and photon energy dependence, while the symmetry of the bands has been ascertained from the light polarization dependence.
RESULTS
The electronic band structure represents a key factor for the description of the magnetic behavior. Based on indirect measurements it has been postulated [9-121 that the exchange splitting of a local moment magnetic system is not the same for all points in the Brillouin zone, but has a strong wave vector dependence. This has been suggested by theory for Gd [13] and is clearly the case for thin films of strained Gd(0001) (Fig. lb) . It can be seen that the Gd 5dx,,y, or 5dx2.y2 bulk bands at 1.8 eV below EF at disperse and split along of the hexagonal surface Brillouin zone, while at the same time the exchange splitting gradually increases.
The wave vector dependent magnetic behavior of the Gd bulk bands becomes even more clear when plotting two indicators of magnetism -exchange splitting and spin asymmetry -for function of film thickness. The Brillouin zone changes from a rectangular shape that resembles strained Gd(lOb2) (bottom) to the hexagonal structure of strained Gd(0001) (top). different points of the surface Brillouin zone (Fig. 2) . While the magnitude of the measured exchange splitting is an indirect indication of the Gd 5d moment, the polarization (above background) provides insight into the extent of the magnetic activity (Stoner-like and rigid band ferromagnetism). The &, vs. k plot (Fig. 2) confirms the increase in exchange splitting of the Gd 5dwY or 5dx2-,,2 bulk bands with increasing wave vector from less than 0.05 eV at to 0.2 eV at R. The spin asymmetry behaves similarly, with minimal asymmetry at and large polarization at R. Both indicators suggest a change of the bulk bands from paramagnetic-like behavior at the Brillouin zone center to strong ferromagnetism at the zone edge m.
The spin-polarized band structure and the wave vector dependent exchange splitting are dominated by increasing electron localization for the thinner strained gadolinium films. In Fig. la we plot the spin-polarized band structure of an ultra-thin strained Gd film (d = 4 ML) from to -Y" of the corresponding rectangular surface Brillouin zone (see Fig. 3 ). The bands show diminished dispersion. The exchange splitting of the bulk bands is negligible nearly throughout the Brillouin zone, with some indication for exchange splitting in the vicinity of the Brillouin zone edge (Fig. 2) . The minimal exchange splitting, accompanied by a spin polarization that is very close to that of the background (Fig. 2) . also indicates paramagnetic bulk band behavior over nearly the entire Brillouin zone.
CONCLUSIONS
Our thickness dependent spin-polarized band structure of strained thin films of gadolinium indicates that with decreasing f h thickness the bulk bands become more and more localized and occupy increasingly more paramagnetic volume in the bulk Brillouin zone. In other words, the bulk bands take an increasingly "passive" role in the thinner films, while in contrast the surface remains magnetically "active" This is indicated by the significant exchange splitting (Fig. la) and large spin asymmetries of the surface in the ultra-thin films. The wave vector and thickness dependent distribution of para-and ferromagnetic bulk band behavior in the Brillouin zone of strained Gd is schematically shown in Fig. 3 .
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